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1
SHAPED RIM CAVITY WING SURFACE

BACKGROUND

The present invention is related to rim cavity wings, and in
particular to shaped rim cavity wing surfaces.

The rim cavity region in turbomachinery applications
refers to regions between rotating components and stationary
components located interior of the gas path. Rim cavity
regions pose a number of challenges that affect the overall
performance of the turbomachinery equipment. For example,
in the turbine section of a turbomachine, in which hot gas
from the combustor progresses through the turbine flow path,
the rim cavity region is cooled through the introduction of
purge air into the rim cavity region. However, purge air (also
referred to as bleed air) comes at the expense of overall engine
efficiency.

In the compressor section of a turbomachine, in which air
is compressed for delivery to the combustor section, the rim
cavity region is typically pressurized to prevent high-pressure
air from the gas path from escaping into the cavity region.
Like purge air, high pressure air that escapes the gas path
results in inefficiencies in the turbomachine.

SUMMARY

To prevent air from the rim cavity region from escaping
into the gas path, either in the turbine section or the compres-
sor section, wing seals extend from either the rotating or
stationary components within the rim cavity to decrease or
prevent the flow of air from the gas path to the rim cavity
region and vice versa.

A shaped rim cavity wing includes an upper surface and a
lower surface. The lower surface has a geometric shape to
control the separation of airflow as it passes around the lower
surface to the upper surface. A point of maximum extent
defines the boundary between the upper surface and the lower
surface, wherein the point of maximum extent defines a cor-
ner that separates airflow from the shaped rim cavity wing and
creates a flow re-circulation adjacent to the upper surface of
the shaped rim cavity wing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view of a turbine section of a gas
turbine engine employing shaped rim cavity wings according
to an embodiment of the present invention.

FIG. 2A is a cross-sectional view of a rim cavity wing as
known in the prior art.

FIG. 2B is a cross-sectional view of a shaped rim cavity
wing according to an embodiment of the present invention.

FIG. 3 is a cross-sectional view of a shaped rim cavity wing
according to an embodiment of the present invention.

FIG. 41is a cross-sectional view of a shaped rim cavity wing
according to an embodiment of the present invention.

DETAILED DESCRIPTION

FIG. 1 is a side view of turbine section 10 of a gas turbine
engine employing shaped rim cavity wings according to an
embodiment of the present invention. Turbine section 10
includes a plurality of stationary vanes 12 and a plurality of
rotating blades 14. In the embodiment shown in FIG. 1,
expanding hot gases provided by the combustor (not shown)
flow axially from vanes 12 to blades 14.

Rim cavity 16 is located between stationary portion 18
(associated with the plurality of stationary vanes 12) and
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rotating disk 20 for attachment to the plurality of blades 14. In
turbine section 10, cooling airflow is provided to rim cavity
16 to prevent overheating and damage to stationary portion 18
and rotating disk 20. In the embodiment shown in FIG. 1,
shaped rim cavity wing 22 extends from rotating disk 20 into
rim cavity region 16. In other embodiments, shaped rim cav-
ity wing 22 would extend from stationary portion 18 into rim
cavity region 16. The purpose of shaped rim cavity wing 22 is
to prevent hot gas ingestion from the main gas path and/or to
reduce purge flow requirements.

Shaped rim cavity wings 22 are employed in high pressure
and low pressure turbine sections, as well as both high and
low pressure compressor sections. In each case, shaped rim
cavity wings 22 are employed as a seal between rotating and
stationary components to prevent hot gas ingestion from the
main gas path and/or to reduce purge flow requirements.

FIG. 2A is aside view of rim cavity wing 32 as known in the
prior art. In the embodiment shown in FIG. 2A, stationary
portion 30 is located adjacent, but not in physical contact
with, rim cavity wing 32. The geometry of rim cavity wing 32
is defined by lower surface 34, first corner 35, side surface 36,
second corner 37, and upper surface 38. Rim cavity region 39
is maintained at a pressure higher than that of the gas path,
resulting in air flowing from rim cavity region 39 into the gas
path. The cross-sectional view shown in FIG. 2A illustrates
the resulting flow of air from rim cavity region 39 to the gas
path. The distance between stationary portion 30 and upper
surface 38 of rim cavity wing 32 defines an effective leakage
gap 40, the size of which relates to the sealing efficiency of
rim cavity wing 32.

In the prior art rim cavity wing 32, the flow of air around
first corner 35 results in a separation of the airflow from side
surface 36, resulting in a flow re-circulation path that extends
from side surface 36.

FIG. 2B is a side view of rim cavity wing 42 according to
an embodiment of the present invention. In the embodiment
shown in FIG. 2B, stationary portion 41 is located adjacent,
but not in physical contact with, shaped rim cavity wing 42.
The geometry of rim cavity wing 42 is defined by lower
surface 44, point of maximum extent 46, and upper surface
48. Rim cavity region 50 is maintained at a higher pressure
than the gas flowpath, and therefore, air flows from rim cavity
region 50 into the gas path.

In the embodiment shown in FIG. 2B, the geometric shape
of lower surface 44 of shaped rim cavity wing 42 is curved to
control separation ofthe airflow along lower surface 44. Point
of maximum extent 46, in contrast, is not curved and provides
a sharp edge intended to separate airflow from upper surface
48 of shaped rim cavity wing 42. As a result of the flow
separation created by point of maximum extent 46, a flow
recirculation path is created adjacent to upper surface 48
between shaped rim cavity 42 and stationary component 41.
The location of the flow re-circulation reduces the effective
leakage gap 52 to a distance less than the actual distance
between shaped rim cavity 42 and stationary component 41.
The decrease in the effective leakage gap 52 improves the
sealing efficiency of shaped rim cavity wing in preventing
airflow from rim cavity region 50 into the gas path.

FIG. 3 is a side view of shaped rim cavity wing 53 accord-
ing to an embodiment of the present invention. The geometry
of'shaped rim cavity wing 53 includes lower surface 54, point
of maximum extent 62, and upper surface 64. In the embodi-
ment shown in FIG. 3, lower surface 54 includes concave
portion 56, convex portion 58, and point of inflection 60
located between the concave portion 56 and convex portion
58. In the embodiment shown in FIG. 3, the term ‘concave’
means curved inward toward shaped rim cavity wing 53. With



US 9,181,815 B2

3

respect to the engine centerline axis, concave portion 56
curves away from the engine centerline axis. The term ‘con-
vex’ means curved outward away from shaped rim cavity
wing 53. With respect to the engine centerline axis, convex
portion 58 curves towards the engine centerline axis. In other
embodiments, more than one point of inflection is included
along lower surface 54, resulting in more than one concave
portion and more than one convex portion. Inthe embodiment
shown in FIG. 3, convex portion 58 is located adjacent to
point of maximum extent 62, while concave portion 56 is
located adjacent to rotating disk 20.

The placement of concave portion 56 and convex portion
control the airflow along lower surface 54 to prevent separa-
tion of the airflow from lower surface 54. Rather, the airflow
remains attached with lower surface 54 until reaching the
point of maximum extent, at which point the airflow separates
from shaped rim cavity wing 53 and creates the desired flow
re-circulation between shaped rim cavity wing 53 and adja-
cent stationary portion (not shown in this view). In the
embodiment shown in FIG. 3, a ninety-degree corner is pro-
vided at the point of maximum extent 62, for purposes of
separating the airflow from rim cavity wing 53. In other
embodiments, however, geometries other than a right angle
(90° turn) may be employed to cause the desired separation of
airflow from rim cavity wing 53.

FIG. 4 is a side view of shaped rim cavity wing 70 accord-
ing to another embodiment of the present invention. The
geometry of shaped rim cavity wing 70 includes lower sur-
face 72, point of maximum extent 74, and upper surface 76. In
the embodiment shown in FIG. 4, lower surface 72 includes
first concave portion 78, convex portion 80, second concave
portion 82, vertical portion 84, first point of inflection 86
located between the first concave portion 78 and convex por-
tion 80, and second point of inflection 88 located between
convex portion 80 and concave portion 82. In the embodiment
shown in FIG. 4, vertical portion 84 is located adjacent to
point of maximum extent 74. Vertical portion 84 results in a
discontinuity in the curvature of lower surface 72. However,
the length of vertical portion 84 is selected so as to prevent
separation of airflow until the airflow reaches point of maxi-
mum extent 74, resulting in the desired recirculation path
adjacent to upper surface 76 of shaped rim cavity wing 70.

In the embodiment shown in FIG. 4, lower surface 72
includes two points of inflection, with first point of inflection
86 being located between concave portion 78 and convex
portion 80, and second point of inflection 88 being located
between convex portion 80 and concave portion 82. In other
embodiments, additional points of inflection may be included
with additional concave and convex portions depending on
the desired flow characteristics.

While the invention has been described with reference to
an exemplary embodiment(s), it will be understood by those
skilled in the art that various changes may be made and
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equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended that
the invention not be limited to the particular embodiment(s)
disclosed, but that the invention will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. A turbomachine comprising:

a stationary portion;

a rotating portion;

a rim cavity region defined between the stationary portion

and the rotating portion; and

a shaped rim cavity wing extending from either the station-

ary portion or the rotating portion into the rim cavity

region, the shaped rim cavity wing including:

an upper surface;

a lower surface having a geometric shape to control
separation of airflow as it passes around the lower
surface to the top surface, the geometric shape includ-
ing:

a first concave portion;

a convex portion adjacent the first concave portion;

a first inflection point between the convex portion and
the first concave portion;

a second concave portion adjacent the convex portion;
and

a second inflection point between the second concave
portion and the convex portion; and

a point of maximum extent that defines a boundary
between the upper surface and the lower surface,
wherein the point of maximum extent defines a corner
that separates airflow from the shaped rim cavity wing
and creates flow re-circulation adjacent to the upper
surface of the shaped rim cavity wing;

wherein the first concave portion is located adjacent the
point of maximum extent.

2. The turbomachine of claim 1, further including:

a flat portion located between the point of maximum extent

and the lower surface.

3. The turbomachine of claim 2, wherein the flat portion is
vertical.

4. The turbomachine of claim 1, wherein the stationary
portion and the rotating portion are located within a turbine
section of the turbomachine.

5. The turbomachine of claim 1, wherein the stationary
portion and the rotating portion are located within a compres-
sor section of the turbomachine.
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